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  Since its first detection in 1973 in Sgr B2 
(Gottlieb et al. « Molecules in the Galactic 
environment »). It has been detected in 
different interstellar environment: 
  Hot cores and star forming regions 
  Cold molecular clouds (10K) (Mattews et al. 
ApJ, 290, 609, 1985) 
  Translucent clouds (Turner et al., APJ, 518, 
699, 1999) 
Astrophysical interest: C2H4O isomers 
  Key role in astrobiology:   
  in amino acid formation 
  early metabiotic pathways 
  Its isomer (ethylene oxyde) suggests the presence of Furane (c-
C4H4O) closely related to the sugars ribose and deoxyribose, which 
are central constituent of RNA and DNA 
 
Charnley et al. Adv. In Space Res. 
33, 23, 2004 
ORION KL 
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Astrophysical interest: C2H4O isomers 
  Formation processes are still unknown:  
  the observations are giving abundances 2-600 times higher than pure 
gas phase models 
  Grain surface chemistry are responsible for producing these 
compounds 
  Bennet et al. (ApJ, 634, 698, 2005) suggest two routes to form 
acetaldehyde in carbon monoxide-methane and carbon dioxide-
ethylene mixtures 
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Why D-acetaldehyde? 
  Among the various aspects, theits deuteration degree may provide 
crucial hints on its origin. In fact, highly enhanced molecular 
deuteration, by several orders of magnitude, has been observed in 
several species and sources leading to the idea that it is a memory 
of the past species history,namely its formation origin (Ceccarelli, C.; et 
al., (eds.), University of Arizona Press, Tucson, 951, (2007) 47).  
  Recent studies about deuterated species of COM’s permit their 
first detection in the ISM 
  Methyl formate in ORION: DCOOCH3 (L. Margulès et al. 2010, ApJ. 714, 
1120), HCOOCH2D (L. H. Coudert et al. 2013, ApJ, 779, 119) 
A&A 552, A117 (2013)
Fig. 6. Some observed transitions of DME and DME-1D (black) and the computed LTE model (red) using the CASSIS software. E values are the
upper energy level of the observed lines. The notation E refers to the notation used in Table 1. The LTE model has been computed in bins of the
same spectral resolution as the observations. Other transitions from other species are also present in these spectra. Panels a) to d): some observed
transitions of DME. Panels e) to h): all detected transitions of DME-1D-sym. Panel e) DME-1D-sym (91,9−80,8) E and A lines. The blended
lines are 1: OC33S (14−13) and 2: C2H5OH (10−9). Panel f) DME-1D-sym (121,12−110,11) E and A lines. The blended lines are 3: HCOOCH3
(17−16) and 4, 5, 6: CH3CHO (11−10) transitions. Panel g) DME-1D-sym (131,13−121,12) E and A lines. Panel h) DME-1D-sym (82,7−71,6) E
and A lines. The blended lines are 7: HCOOCH3 (18−17), 8: H2C18O (31,2−21,1) and one unidentified line (9: around 13 km s−1). Panels i) to n):
All detected transitions of DME-1D-asym. Panel i) DME-1D-asym (51,5−40.4) E and A lines. Panel j) DME-1D-asym (70,7−61,6) E and A lines.
Panel k) DME-1D-asym (90,9−81,8) E and A lines. The blended line is 10: HC(O)NH2 (74,4−64,3). Panel l) DME-1D-asym (100,10−91,9) E and
A lines. Panel m) DME-1D-asym (91,9−80,8) E and A lines. Panel n) DME-1D-asym (121,12−110,11) E and A lines.
A117, page 6 of 10
•  Dimethyl-Ether in IRAS 
16293-2422: CH2D-0-CH3 (C. 
Richard et al. 2013, A&A, 552, 
A117) 
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Why D-acetaldehyde? 
  This follows the study of the normal (I.A. Smirnov et al., 2014, JMS. 295, 
44) and 13C species (L. Margulès et al, Manuscript in preparation)  
  Testing the limit of the water-dimer formalism used with 
HCOOCH2D: acetaldehyde is a more complicate case than methyl-
formate! (J.T. Hougen, JMS. 114 (1985) 395–426; L.H. Coudert, J.T. Hougen, JMS. 
130 (1988) 86–119; L. Margulès, L.H. Coudert  et al. JMS. 254 (2009) 55) 
  Strong coupling between torsion and rotation: Internal rotation 
code necessary even for A lines: not possible to fit these lines with 
Watson’s Hamiltonian 
V3 in cm-1 ρ	

HCOOCH3a 373 0.08 
CH3CHOb 408 0.33 
CH3OHc 374 0.81 
aV. Ilyushin et al. J. Mol. Spectrosc. 
255, 32, 2009 
bI.A. Smirnov et al., 2014, J. Mol. 
Spectrosc. 295, 44 
cL.-H. Xu et al. J. Mol. Spectrosc. 
251, 305, 2008 
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Internal rotation motion 
Due to tunnel effect, the 
transitions are splitted into two 
components: A et E 
 
 
 
 
Each transition is splitted into 3 
components : 
•  configuration D  in the plane 
•  tunnel effect between the 2 
equivalent configurations D-out 
of plan 
D 
D 
D 
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Previous studies about D-CH3CHO 
  CD3CHO up to 250 GHz (Kleiner et al. J. Mol. Spectrosc. 197, 275, 1999) 
  CH3CDO up to 380 GHz (Elkeurti et al. J. Mol. Spectrosc. 263, 145, 2010) 
  CD3CDO up to 40 GHz (Kilb et al. J. Chem. Phys. 26, 1695, 1957) 
  CH2DCHO up to 40 GHz (no commercial sample) 
 
 
 
 
  Sym-species (Turner, P. H.et al.Chem. Phys. Lett. 42, (1976) 84) 
  Asym-species (Turner, P. H. et al. J.C.S. Farady Trans. 2 77, (1981) 1217) 
  Dipole moment (Turner, P. H. et al. J.C.S. Farady Trans. 2, 74, (1978) 533) 
	
 	
 	
µa= 2.46 D and µb = 1.156 D 
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Solid state sources spectrometer:  
150 – 990 GHz 
• Very compact 
•  power : 50 mw – 5mW) 
•  Broad band : Assigment easier with series, 
  like in I. R.  
•  Full coverage with high resolution in 5 days 
Absorbing cell 
SR7270 
DSP Lock-in 
amplifier 
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Amplifier 
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Spectra 
  The spectra is dense even if the 
molecule is relatively light (44g.mol-1) 
  µa and µb spectra, instense up to 
submillimeterwave range (respectively 
2.46D amd 1.156 D) 
  Each lines is split in 3 components 
  1st torsional state is lying at 143 cm-1 
(12C value), relative intensity to g.s. is 
50%  
  If it is not enough… 
for the current fit the ratio of 109/(3 * 2) = 18.2 parameters per
‘‘asymmetric rotor spectrum’’, where the 3 in the denominator rep-
resents the three torsional states under study and the 2 in the
denominator arises because each vibration-rotation level splits
into two components (one non-degenerate, or ‘A’ state and one
doubly degenerate, or ‘E’ state). This analog of the number of
parameters per vibrational state does not seem excessively large
for the current rotational quantum number coverage of
0 6 J 6 66 and 0 6 Ka 6 22, especially taking into account that
there is an interaction between the ‘‘asymmetric rotor’’ stacks of
the levels of the same symmetry. Another metric which may be
considered is the number of fitted energy levels per Hamiltonian
parameter. For the current fit this number is !86. If we look at
the balance between adjustable parameters and measured fre-
quencies in the dataset we see that the present fit is characterized
by a ratio of !176 lines per adjustable parameter, which we feel is
quite satisfactory, and that this ratio represents almost a factor of
three improvement over the ratio of 3108/48 ! 65 lines/parameter
obtained from the previous fit of the first three torsional states of
acetaldehyde [6].
Whereas we think that the quantity of parameters used in our
model is adequate it is probable that some part of these 109
parameters are needed in the model to compensate for the unmod-
eled effects of intertorsional perturbations in vt = 2 torsional state
of acetaldehyde already discussed in Ref. [14]. In particular the
avoided crossing perturbation of the vt = 2 K = 9 A type levels dis-
cussed in detail in Ref. [14] was also observed in our work. As
the interacting counterpart in this case the vt = 3 K = 5 A type levels
were identified in Ref. [14] and in principle the RAM approach
should be able to take implicitly into account such perturbations.
But in practice we have a more complicated case due to the down-
ward propagation of a perturbation from the low lying small
amplitude vibration m10, which is located in vicinity of the vt = 4
torsional excited state [7]. It should be noted that the vt = 2 state
posed the main problem in the fit and therefore to be on a safe side
we decided to exclude from the fit a number of tentatively as-
signed high J vt = 2 transitions whose assignments were not possi-
ble to verify by inspection of the J series.
Fig. 2 gives a general overview of acetaldehyde rotational spec-
trum in the frequency range up to 3 THz for the two temperatures:
100 K and 300 K. It is seen that there are two maximums in the dis-
tribution of transition intensities in the rotational spectra. The first
maximum is associated with aR0,1-type transitions with low Ka val-
ues. It is seen that at T = 300 the maximum in intensity is achieved
at approximately 0.6 THz (this maximum corresponds to the aR0,1
transitions with J values around 30). It is seen that after reaching
a maximum the intensity of these transitions begins to decrease
and at about 1 THz the bR1,±1 transitions with the Ka numbers
approaching the J values begin to dominate in the spectrum. These
transitions are responsible for the second maximum in the inten-
sity distribution around 1.5 THz (at T = 300 the maximum corre-
sponds to the bR1,±1 transitions with J values around 14).
Certainly, as it is seen from Fig. 2b, at lower temperatures the posi-
tions of these two maximums in the intensity distribution are
shifted towards lower frequencies and towards lower rotational
quantum numbers. It should be noted that in the upper frequency
part of investigated range around 1.6 THz the intensities of the
aR0,1-type transitions with low Ka values appear to be too weak
to be measured (around 1.2 THz namely this type of transitions
provides the highest J values treated in our fit). Therefore the range
of rotational quantum numbers J 6 66 and Ka 6 22 treated in the
current study covers the majority of strong rotational transitions
which may be of interest for astronomical applications in the fre-
quency range up to 1.9 THz.
5. Conclusions
We performed a new study of the acetaldehyde spectrum in the
broad frequency range from 0.05 to 1.6 THz. The new data for the
vt = 0,1,2 torsional states involving rotation transitions with J up to
66 and Ka up to 22 were analyzed using the rho-axis-method and a
fit within experimental error has been achieved. Obtained results
provide a firm basis for producing reliable predictions of the acet-
aldehyde spectrum in the frequency range up to 1.9 THz which is
relevant for the Herschel and ALMA missions. Corresponding pre-
dictions and the dataset treated in our study are available as the
Supplementary material with this article.
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Fig. 2. Predicted rotational spectrum for the vt = 0,1,2 torsional states of acetalde-
hyde at 300 K (a) and 100 K (b). In both cases maximum (1) in intensity distribution
corresponds to aR0,1-type transitions with low Ka values, whereas maximum (2)
corresponds to bR1,±1 type transitions with the Ka numbers approaching the J values.
I.A. Smirnov et al. / Journal of Molecular Spectroscopy 295 (2014) 44–50 49
I.A. Smirnov et al., 2014, JMS. 295, 44) 
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The sample 
  Depending of the fill-in, we have 1/ 3 to 1/2 of normal 
species.  
  Prediction are accurate up to 1.6 THz but this increase 
density of the spectra and complicate the analysis 
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Perturbation between conformers 
  With Methyl-formate 
(HCOOCH2D), the in-plane 
conformer could be treated 
with Watson-type Hamiltonian: 
no perturbation appeared 
  Up to J=12, no problem… 
R-branch J = 10 - 9 
R-branch J = 15 - 14 Water dimer model 
Watson’s Hamiltonian 
17.2 MHz 
10.9 MHz 
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Energy between conformers 
  These perturbations permits to determine the energy 
difference between the 2 conformers 
aEstimated from C. R. Quade and Chun C. Lin, J. Chem. Phys. 38 (1963) 540  
HCOOCH2D CH2DCHO 
84.8 MHz 
 
804.059 MHz 
 
 
 
10 cm-1a 
 
 
 
 
 
15.56 cm-1  
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Assignment 
D-sym: Rbranch J=26-25 D-asym: Rbranch J=27-26 
480 GHz 490 GHz 
Ka=7 Ka=8 
Ka=9 Ka=10 Ka=11 Ka=12 Ka=3 -     + 
Sy
m
: 
26
6,
21
 –
 2
5 6
,2
0 
 
Sy
m
: 
26
6,
20
 –
 2
5 6
,1
9 
 asym: 104,6 – 9 3,6  
- + 
asym: 104,7 – 9 3,7  
- + 
isms4     Thursday, June 19, 2014 3:52:45 PM Central Daylight Time
Assignment Q branch 
580 GHz 590 GHz 
Ka = 8-7 
J=22 J=20 J=18 J=16 J=23 J=24 
560 GHz 570 GHz 
Ka = 7-6 still to assign…. 
D –in plane D –out of plane 
J=19 J=18 J=17 J=16 J=15 
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Results 
In-plane Out-of plane 
Turner et 
al. 
This work  This work  Turner et al. 
Rot.+Dist. 
terms 
8 12 12 8 
Tunelling terms 14 4 
In-out of plane 
coupling terms 
9 
ΔE in-out(cm-1) 15.558550(78) 15.55(fixed) 
ΔEtunelling (MHz) 804.059(33) 804.5 
Νµa Jmax; Ka,max 22 – 20 - 3 460 – 34 - 20 482 – 28 - 9 38 – 20 - 3 
Νµb Jmax; Ka,max 39 – 20 - 6 442 – 35 - 8 122 – 29 - 4 30 – 18 - 3 
Νµc Jmax; Ka,max 17 – 10 - 4 24 – 18 - 3 
Fmax in GHz 40 600 500 40 
rms 480 kHz 48 kHz 83 kHz 231 kHz 
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Conclusions - Perspective 
  Water dimer formalism could be used with more 
complex case than methyl formate 
  The energy difference between the in and out-of plane 
conformers could be determined 
  The spectra should be assign up to 990 GHz 
  The D-methanol approach will be test at the end to 
compare the quality of the fit (less parameters needed?) 
  This work could be useful to detect it in high deutarated 
objects like hot corino 
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